, and have suggested that the most likely combinations of these ions are ammonium nitrate, NH 4
No 3 , and ammonium sulfate, (NH 4 ) 2 so 4 (Hidy and Burton, 1975) . In addition to these, nitric acid (Miller and Spicer, 1975) and sulfuric acid (Charlson et al., 1974; Cunningham et al., 1975) are also suspected to exist under certain circumstances. Wet chemical methods, of course, are of no use for insoluble aerosol species. Nondestructive physical methods are therefore preferred as means for chemical characterization of collected particles. X-ray photoelectron spectroscopy (ESCA) is one such method. For example, the application of this method has helped to uncover the presence of significant concentrations of reduced nitrogen species other than ammonium.
These were tentatively assigned as species of the amino and pyridino type (Novakov et al., 1972 (Novakov et al., 1972; Chang and Novakov, 1975);  b) ammonium, which may account for about one-half of .the total particulate nitrogen, is not necessarily in the form of common salts, such as ammoniumnitrate or ammonium-sulfate, but may also occur in a previously unrecognized form characterized by its relatively high volatility (Chang and Novakov, 1975) ; c) occurring in concentrations similar to ammonium is a group of reduced nitrogen species of the amine, amide, and nitrile type (Novakov et al., 1972) ; d) the principal chemical form of sulfur is sulfate, which we find exists primarily as sulfuric acid adsorbed on
particles; e) in addition to sulfate, sulfides are observed at some locations in concentrations ·comparable to, although always less than, sulfate (Craig et al., 1974) ; and f) most of the particulate carbon appears in a neutral chemical state (i.e., non-oxygenated) (Chang and Novakov, 1975) compatible with both condensed hydrocarbons and with primary combustiongenerated carbonaceous material.
The details of the ESCA method and examples of its applica.tion to the analysis of airborne particles have been described elsewhere and therefore will not be repeated here (Novakov et al., 1972; Chang and Novakov, 1975; Craig et al., 1974; Harker et.al., 1975) .
Results and Discussion
The capability of ESCA for a straightforward differentiation of different forms of atmospheric sulfates is illustrated in Figure 1 This apparent discrepancy between the two methods was subsequently explained by the volatility of some ammonium species in the ESCA spectrometer vacuum (Chang and Novakov, 1975) . That these volatile losses are not caused by the volatilization of ammonium sulfate is evidenced by the St. Louis case, where no volatile losses were observed. Similarly, ammonium nitrate (negligible in these samples) and ammonium bisulfate were found to be stable in vacuum during the time periods usually required to complete the analysis. Therefore, species other than these have to be responsible for the apparent loss of ammonium in va·cuum.
That the volatile ammonium is not necessarily associated with sulfate or nitrate ions is illustrated by means of results represented in Figure 2 . Here the changes in the nitrogen (ls) spectrum of a sample collected in a highway tunnel (Hollowell et al., 1976) are shown as a function of the sample vacuum exposure time. Obviously, the ammonium peak intensity decreases with the vacuum expo~ure time of the sample.
The amino-type nitrogen species intensity remains constant, however.
The amount of nitrate in this sample was negligible compared to ammonium.
The maximum ammonium peak expected under the assumption that the entire sulfate is ammonium sulfate is indicate.d by the solid vertical bar in The anions corresponding to the volatile ammonium species cannot be identified with certainty at this time. One possibility is that these species are produced by the adsorption of ammonia on fine soot particles to form carboxyl-and hydroxyl-ammonium complexes which have been shown to have similar volatility properties to ambient particulates (Chang and Novakov, 1975) . Another possibility is that these species could be due o Ammonium appears mostly in a volatile form independent of sulfate and nitrate.
The anions corresponding to the volatile anunonium species cannot be identified with certainty at this time, however. The nitrate in this sample is also small as compared to ammonium.
The ammonium in this sample is considerably in excess of that expected for ammonium sulfate or ammonium nitrate. 
